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Description 



[0001] This invention relates to a device for monitor- 
ing and controlling an intravenous infusion system, 
which is of low electricity consumption and of tenden- 
tially small longitudinal and transverse overall dimen- 
sions. 

[0002] I ntravenous infusion systems used in hospitals 
or at home by patients have to be continuously moni- 
tored by the nursing personnel or the patient to check 
that the administration rate remains within the defined 
limits characteristic of each medicament and to detect 
any interruption or depletion of the solution. This is nec- 
essary to avoid annoying consequences such as use- 
less prolongation of the time for which the medicament 
is administered, or unpleasant effects on the patient, 
such as air entry into the system, back flow of blood 
along the system tube, or dangerous overdosage of the 
medicament. 

[0003] Devices are already known for performing 
these monitoring and control functions. For example, 
US patent 5,088,990 in the name of Hivale describes an 
apparatus consisting of two plastics containers compris- 
ing in one side a cavity arranged to internally embrace 
the drip chamber. It is provided with a photosensor for 
sensing the passage of droplets within the drip chamber, 
and an electronic alarm circuit comprising a warning 
horn and a warning lamp which operate if infusion of the 
solution droplets is interrupted or slows down exces- 
sively. 

[0004] However this apparatus is arranged only to 
give an optical -acoustic alarm indication, without being 
able to sense an increase in infusion rate or to shut off 
solution flow in the case of defects. 
[0005] Its application is also relatively burdensome, 
because it involves placing the two containers adjacent 
to the system drip chamber so that they surround part 
of it, and each time adjusting the opening of the com- 
partment obtained in relation to the chamber diameter. 
[0006] Finally, the current consumption of this device 
is such as to make its reduction desirable in order to limit 
the volume of the set of electrical storage batteries and 
hence of the device itself. 

[0007] It is also known to use improved forms of this 
device, such as that described in European Patent ap- 
pln. Publ. No. 0 588 427 in the name of the present ap- 
plicant. Besides performing the same functions as the 
preceding, this apparatus also shuts off the flow of the 
medicament if the administration rate of this latter ex- 
ceeds a certain limiting value and/or if the infusion so- 
lution is depleted. 

[0008] When the apparatus goes into alarm, the shut- 
off device closes a spring-loaded gripper jaw by releas- 
ing it by means of an electromagnet. Hence the starting 
force required to operate the mechanism can be tenden- 
tially high, especially if the electrical storage batteries 
are at low charge. 

[0009] A further device disclosed in said US Patent 



No. 5 439 442 comprises a circuit which on receiving 
information from a bar code reader operates a geared 
motor capable of appropriately regulating the delivery of 
the medicament by acting more or less directly on the 
5 exit tube, by means of a cam. However this embodiment 
presents two problems which it would be desirable to 
eliminate. Firstly, although the bar code reading system 
is very useful particularly in the case of repeated infu- 
sions of different medicaments <and hence requiring dit- 
to ferent infusion rates) in the patient's home, the appara- 
tus requires the user hospital to be provided with further 
equipment able to print the bar code on appropriate la- , 
bels. In addition, as the cam operates directly on the 
tube axis, a motor of relatively high torque is required, 
resulting in increased dimensions and energy consump- 
tion. Finally, the features of the preamble of claim 1 of 
the present application are disclosed in US 4,718,896. 
[0010] An object of the present invention is to solve 
the aforesaid problems by providing a device for moni- 
20 toring and controlling an intravenous infusion system 
which is of tendentialiy low electricity consumption and 
hence of small overall size. 

[0011] This and further objects are attained by a de- 
vice for monitoring and controlling an intravenous infu- 

25 sion system in accordance with claim 1. 

[0012] By interrupting the operation of the sensor 
means during a second time interval included within the 
time interval between the passage of two successive 
droplets, the device achieves a substantial saving in the 

30 electrical energy provided by the set of storage batter- 
ies. Consequently for equal electrical storage battery 
capacity, the device can operate without interruption for 
a longer time. Alternatively for a given operating time 
between charges, the device can use a set of storage 

35 batteries having a lesser volume of the space occupied. 
[0013] The fact that the device comprises a pre-alarm 
threshold (during which the shutoff device does not act, 
although the warning means operate) means that those 
ignorable operating abnormalities which usually pre- 

40 cede those requiring urgent action by nursing personnel 
can be detected. 

[0014] Again, the fact of not interrupting administra- 
tion during the pre-alarm period avoids unwelcome ex- 
tension of the medicament infusion time, while aiding 

45 the nursing personnel which hence have a longer time 
available for action before the shutoff device interrupts 
administration of the medicament. 
[001 5] Further objects, characteristics and advantag- 
es of the present invention will be apparent from the de- 

50 tailed description given hereinafter and from the accom- 
panying drawings, which are provided by way of non- 
limiting example and in which: 

Figure 1 is a schematic exploded perspective view 
55 of a first embodiment of the device according to the 
present invention; 

Figure 2 is a section through the device on the line 
ll-ll of Figure 1 at the moment in which the shutoff 
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device throttles the tube of the system; 
Figure 3 again shows a section through the device 
on the line ll-ll. of Figure 1 , but with the shutoff de- 
vice in its preloaded position; 
Figure 4 is a schematic view of the device of the 
invention applied to the exit tube of an intravenous 
infusion system; 

Figure 5 is a schematic plan view of a first embod- 
iment of the electronic circuit contained within one 
of the compartments of the device; 
Figure 6 is a schematic section through the shutoff 
device of Figure 2 taken on the line VI-VI; 
Figure 7 is a schematic flow diagram corresponding 
to the operation of the first embodiment of the de- 
vice electronic circuit of the present invention; 
Figure 8 is a schematic flow diagram corresponding 
to the operation of a second embodiment of the de- 
vice electronic circuit of the present invention; 
Figure 9 is a schematic plan view of one of the com- 
partments of the second embodiment of the device 
according to the present invention; 
Figure 1 0 is a schematic section through the device 
of Figure 9, taken on the line X-X. 

[0016] In said figures, the reference numeral 1 indi- 
cates a particular embodiment of the overall monitoring 
and control device, and 2 indicates the set of electrical 
storage batteries, comprising three 1.2 volt nickel/cad- 
mium batteries rechargeable either by a conventional 
external battery charger or a dedicated one (not shown), 
connected to the device via a socket 35 through a hole 
formed in the bottom of the device container. 
[0017] The reference numeral 3 indicates a housing 
provided in the interior of the container and intended to 
be closed about the drip chamber 1 7 of the intravenous 
infusion system, and 4 indicates overall the device for 
shutting off the system liquid flow. The housing 3 is pref- 
erably constructed of dark coloured or in any event 
opaque material in order to absorb light originating from 
the external environment and prevent interference with 
the sensor devices 28 and 29 contained in it. 
[0018] The reference numerals 15, 1 6 and 18 indicate 
respectively a first, a second and a third compartment 
housing all the components of the present invention, 
these being grouped within a single plastics container 
of such dimensions as to be of small overall size while 
at the same time embracing a relatively large number of 
functions and being practical in use. 
[001 9] The reference numerals 1 0 and 1 1 indicate two 
holes provided through the constituent plastics material 
of the walls of the housing 3. In an embedded position 
in correspondence with said two holes there are inserted 
respectively an infrared emitter diode 28 and a receiver 
photodiode 29, able to sense the passage of liquid drop- 
lets within the drip chamber 17. 
[0020] The infrared emitter diode 28 emits a beam in 
a direction perpendicular to the vertical trajectory of the 
droplets. An interruption in the passage of this beam in- 
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dicates the fall of a solution droplet. 
[0021] The beam is reflected by a concave mirror 30 
located on the opposite side in a position perpendicular 
to the emitted beam and within a cavity 31 the purpose 
of which is to protect the sensing system from light infil- 
tration from the external environment. The particular 
shape of the mirror 30 means that all the rays emitted 
and reflected converge into a single region, in which the 
receiver photodiode 29 in located. 
[0022] this arrangement is very advantageous com- 
pared with the known arrangement of locating the emit- 
ter diode 28 and the receiver photodiode 29 in coaxial 
positions on opposite sides of the vertical axis repre- 
senting the droplet trajectory. In this manner, with the 
single addition of a concave mirror of relatively low cost, 
being of the adhesive film type, two beams are obtained 
in practice, which being slightly diverging cover a great- 
er area than a single beam, with greater probability of 
intercepting the droplet, even if this should fall outside 
the central axis of the drip chamber 17, this occurring 
for example if this latter is inclined because of possible 
imperfect positioning of the bottle in its support. Moreo- 
ver, one and the same electronic circuit card 12 can be 
used for positioning the two senso r elements 28 an d 29 , 
with the result of being able to substantially simplify and 
automate the assembly of the entire electronic compo- 
nents on said card. 

[0023] The electronic circuit 1 2 operating and control- 
ling the device 1 mainly comprises an oscillator 21 and 
a microcontroller 40. The reference numeral 13 indi- 
cates a two-colour LED pilot lamp for indicating system 
operation or abnormalities, 33 indicates an acoustic 
emergency alarm (typically a piezoelectric buzzer), and 
28 and 29 indicate the infrared emitter diode and the 
receiver diode respectively. 

[0024] A reed switch, suitably connected into the elec- 
tronic circuit 1 2 and indicated by 48, forms together with 
the knob 41 the magnetic switch for activatingthe device 
1. 

[0025] Finally, 37 indicates an electrolytic capacitor 
which is charged on activating the device 1 and stores 
a certain quantity of energy for use by the electronic cir- 
cuit 12 should the feed voltage be reduced, this occur- 
ring in particular at the moment in which the electromag- 
net 5 is energized. 

[0026] As can be seen in particular from Figures 2 and 
3, the liquid flow shutoff device 4 consists of a first trip 
lever 6, a second shutoff lever 7 which throttles the tube 
14, a torsion spring 8 acting on the lever 7, a compres- 
sion spring 9 which maintains the lever 6 in position, a 
pushbutton 26 which resets the system, and an electro- 
magnet 5 which trips the linkage. 
[0027] The main part of the shutoff device 4 is the 
shutoff lever 7, which is urged by the spring 8. Said lever 
7 has a short arm 19, of about 7 mm in length, the end 
32 of which has a shape such as to easily throttle the 
system tube 14, and a long arm 20 of at least 16 mm in 
length. 
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[0028] For increased reliability of operation, the elec- 
tromagnet 5 is powered with three successive current 
pulses lasting a few tenths of a second, at a voltage of 
about 3.6 volts, with a current consumption of about 400 
mA. It hence operates pulse-wise to ensure effective trip 
action, and generates a force of about 0.07-0.08 new- 
tons on a rod 25. 

[0029] Hence for a relatively small electricity con- 
sumption, a throttling action on the tube 14 is obtained 
which is particularly effective and advantageous in rela- 
tion to the applied force. This is achieved by virtue of 
the combination of the springs 8 and 9 and the structural 
characteristics of the shutoff lever 7 and trip lever 6, 
which are first class levers and hence of advantageous 
type. In this respect, the fulcrum 38 of the shutoff lever 

7 is located closer to the point at which the force is ap- 
plied to the tube 14 than the point at which the external 
force is applied by the user via the pushbutton 26, and 
in addition a counteracting pin 22 positioned on the trip 
lever 6, into which the end 23 of the shutoff lever 7 is 
inserted during the pre-loading stage, is provided in 
proximity to the point of application of this pre-loading 
force, at a distance of about 1/5 of the total length of the 
lever. On the end distant from said point of application 
there acts the electromagnet 5, against which said trip 
lever 6 is maintained, urged by the spring 9. 

[0030] This system is able to apply a throttling force 
of about 20 newtons to the tube 14. The torsion spring 

8 applies a force only slightly greater than 20 newtons 
when maintained in its pre-load position. 

[0031] When the electromagnet 5 is energized, its rod 

25 pushes against the eno* of the trip lever 6 which in 
moving also moves the position of the pin 22, to release 
the end 23 of the shutoff lever 7, this latterthen throttling 
the tube 14 by means of its end 32. The system is then 
reset on withdrawing the device 1 from the drip chamber 
17, by pressing the pushbutton 26 as far as it goes, to 
rehook the end 23 of the shutoff lever 7 under the pin 
22, while at the same time releasing the tube 14 and 
enabling the intravenous infusion system to be disen- 
gaged from the device 1 , which is hence mechanically 
ready for subsequent use on another intravenous infu- 
sion system. When the device 1 trips, the pushbutton 

26 is forced outwards and projects from the container, 
so giving visual indication that tripping has occurred. 
[0032] The reference numeral 27 indicates a perma- 
nent magnet which draws the rod 25 (forming the mov- 
ing core of the electromagnet 5) into its retracted posi- 
tion within the electromagnet 5 after each current pulse 
used to energize said electromagnet 5. Because of the 
particular position of the permanent magnet 27 relative 
to the electromagnet 5 and rod 25, its pulling action on 
the rod 25 is a minimum on impact of said rod 25 against 
the trip lever 6 and is a maximum when said rod 25 is 
in the opposite position. 

[0033] It should be noted that the force exerted by the 
permanent magnet 27 on the rod 25 is a maximum at 
the end of its return stroke, ie when said rod 25 has re- 
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tracted into the electromagnet 5. 
[0034] Consequently said force is a minimum when 
the rod 25 is in the opposite position, ie precisely when 
it Is required to exert maximum force against the end 36 

5 of the trip lever 6. The use of the permanent magnet 27 
instead of a .spring is therefore particularly advanta- , 
geous because this latter would exert a reverse action. 
In practice the force exerted by said hypothetical spring 
would be a maximum when the rod 25 is positioned at 

10 the end 36 of the trip lever 6, and a minimum when the 
rod 25 has retracted into the electromagnet 5. This is 
exactly the opposite to what is required. 
[0035] In addition, the rod 25 undergoes an "idle 
stroke" portion before striking the lever 6. The term "idle 

is stroke" means that travel portion through which the rod 
25 moves without encountering mechanical resistance. 
This enables a "hammer effect" to be achieved, making 
the action of the electromagnet 5 even more effective 
for equal energy consumption, so making the tripping of 

20 the device 1 and consequent shutoff of the administered 
solution flow more reliable. 

[0036] The overall operation of the device 1 according 
. to the invention is as follows: after starting and adjusting 
the intravenous infusion system, the reset pushbutton 
25 26 is pressed to rehook the shutoff device 4. Atthe same 
time the device is mounted as high as possible about 
the drip chamber 1 7 such that the end 32 of the arm 19 
of the lever 7 rests completely against the tube 1 4 of the 
system. 

30 [0037] On activating the device 1 , which is done by 
operating the switch knob 41 , the two-colour LED 1 3 be- 
gins to flash rapidly with green light. During this stage 
the electronic circuit 12 of the device 1 recognizes and 
memorizes the time intervals between the passage of 

35 two consecutive droplets, by means of the infrared emit- 
ter diode 28 and the receiver photodiode 29. 
[0038] This type of automatic self-calibration is 
achieved by measuring the time interval between the 
first two solution droplets falling through the drip cham- 

40 ber 1 7, and comparing this with a reference time interval 
previously set in the microcontroller 40 to immediately 
establish, on the basis of this parameter, whether this is 
a slow infusion or an infusion which can be considered 
fast. 

45 [0039] A determined maximum time period during 
which the first two solution droplets must fail is fixed. If 
this maximum time period passes withoutthe sensor de- 
tecting the passage of two consecutive droplets, the 
shutoff device 4 is enabled and measurements are in- 

50 terrupted. 

[0040] Otherwise, the device establishes the refer- 
ence infusion time interval by calculating the arithmetic 
mean of the times involved in a number V of time in- 
tervals employed in delivering a number "x+1" of suc- 

55 cess'rve droplets in the case of slow infusion, and be- 
tween a number "2x" of time intervals employed in de- 
livering a number n 2x+1" of successive droplets in the 
case of fast infusion. The value "x" is memorized in the 
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microcontroller 40 when this is programmed. 
[0041] After a few seconds, the flashing of the two- 
colour LED 1 3 changes In intensity and follows the fre- 
quency with which the droplets fall, a pulse of green light 
being displayed for each droplet. Having determined the 5 
number of time intervals between droplets which is to 
be used in calculating the arithmetic mean and taking 
this mean value as the reference value, the microcon- 
troller 40 establishes the values of two tolerance time 
intervals (these values to be considered in the algebraic 10 
sense) and the value of one time interval used for es- 
tablishing the activation and deactivation periods of the 
infrared emitter diode 28 (known as the "lead time"). 
[0042] If for three consecutive times the time interval 
between the passage of two successive droplets ex- is 
ceeds the value of the first tolerance time interval (or is 
less than its opposite) (1st error), which is indicatively 
between 1 6% and 20% of the mean time interval taken 
as reference, the microcontroller 40 of the device 1 
causes the colour of the two-colour LEd 13 to briefly 20 
switch from green to red and causes the piezoelectric 
buzzer 33 to emit a brief acoustic pulse about every 30 
seconds (pre-alarm threshold). 
[0043] In other words, the pre-alarm condition occurs 
when the difference between the value of the arithmetic 25 
time mean and the value of the time interval between 
the passage of two successive droplets lies between 
1 6% and 20% of the arithmetic time mean. 
[0044] To return the entire system to normality, the 
discharge device of the intravenous infusion system has 30 
to be adjusted to again achieve the reference rate or 
until the two-colour LED 13 again flashes green. 
[0045] If the first and second tolerance time intervals 
are both exceeded, the alarm operates, but only after at 
least three consecutive errors to prevent false alarms 35 
due to sporadic exceeding of these limits, caused for 
example by swinging of the bottle or a sudden large en- 
try of air into the bottle. 

[0046] When for at least three consecutive times the 
time interval between the passage of two successive *o 
droplets exceeds the value of the second tolerance time 
interval (or is less than its opposite) (2nd error), which 
is indicatively between 20% and 25% of the mean time 
interval taken as reference, or if the solution is depleted 
or if for any problem within the system the solution be- 4 s 
gins to discharge as a continuous jet, the device enters 
its definitive alarm state. The previously set shutoff de- 
vice 4 operates to throttle the system tube 14, so shut- 
ting off the flow of the solution to be administered. In 
addition, the acoustic alarm of the piezoelectric buzzer so 
33 operates continuously and the two-colour LED 1 3 op- 
erates with rapid red flashing. 

[0047] In other words the alarm condition arises when 
the difference between the value of the arithmetic time 
mean and the value of the time interval between the pas- ss 
sage of two successive droplets is between 20% and 
25% of , the value of the arithmetic time mean. 
[0048] At this point the device is turned off, the intra- 
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venous infusion system closed, the reset button 26 
pushed and the bottle of medicament again adjusted or 
replaced. 

[0049] A further important characteristic of the device 
of the present invention is that the infrared emitter diode 
28 is pulse-powered in pulse width modulation with a 
duty cycle of about 50%, hence functioning with pulsat- 
ing operation. By this means, the electricity consump- 
tion is reduced compared with the known art, in which 
the emitter diode 28 is operated continuously. 
[0050] Moreover as the emitter diode 28 operates on- 
ly during the limited time period during which the droplet 
is assumed to fall, there is a further reduction in elec- 
tricity consumption. 

[0051] The lead time during which the emitter diode 
28 remains activated with pulsating operation while 
waiting for the droplet to fall is determined by subtracting 
a previously fixed reference value stored in the memory 
of the microcontroller 40 from the arithmetic mean of the 
time intervals between the passage of two successive 
droplets. 

[0052] In addition, to prevent the rate of droplet fall 
reaching, as the result of a fault or an error by the nursing 
personnel or patient, an exact multiple of the initial rate 
determined during the automatic calibration, the micro : 
controller 40 causes the infrared emitter diode 28 to op- 
erate continuously every eight droplets for a time equal 
to the time interval corresponding to the passage of at 
least two droplets, and checks whether the delivery is 
regular during this time interval. 
[0053] Again in this specific case the emitter diode 28 
operates in pulse width modulation to further economize 
on electricity consumption. With regard to the operation 
of the device 1 according to the invention, it should also 
be noted that the operating cycle and the power circuit 
are totally controlled by the electronic circuit 12 and in 
particular by the microcontroller 40. 
[0054] In this respect, although the device can oper- 
ate for several hours between charges because of the 
low electricity consumption, the microcontroller 40 also 
monitors the state of charge of the set of batteries 2 and 
provides a visual and acoustic alarm signal if the feed 
voltage falls below a predetermined safety level, after 
activating the shutoff device 4. 

[0055] In this case the set of batteries 2 must be com- 
pletely recharged by connecting a battery charger of tra- 
ditional type or a dedicated charger to the socket 35 of 
the device. The permanent magnet 27 is positioned 
such that when the device 1 is connected to the appro- 
priate external dedicated battery charger, its magnetic 
force operates another reed switch connected within the 
dedicated charger, to close the charging circuit. 
[0056] The said microcontroller 40 also performs nu- 
merous other functions. It controls the operation of a 
time base (free running operation , of about 5 ms) for 
controlling the activation and deactivation of the emitter 
diode 28, the two-colour LED 13 and the buzzer 33; it 
calculates and memorizes the droplet waiting time; 
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when this waiting time has expired it activates a counter 
while at the same time activating the emitter diode 28; 
it halts said counter when the expected droplet arrives, 
while at the same time deactivating the emitter diode 28; 
it compares the value of the time interval between the 
passage of two successive droplets read on the counter 
with the previously calculated tolerance time intervals 
and handles any errors encountered by operating the 
two-colour LED 13 on red and operating the buzzer 33 
about every 30 seconds in the case of a pre-alarm, or 
increasing the frequency of operation of the two-colour 
LED 1 3 on red and maintaining the buzzer in continuous 
operation with simultaneous activation of the shutoff de- 
vice 4 for the system tube 14 in the case of a definitive 
alarm. 

[0057] The characteristics of the device for monitoring 
and controlling an intravenous infusion system accord- 
ingtothe present invention are clearfromthe aforegoing 
description, as are its advantages. 
[0058] Numerous modifications can be made to the 
device of the present invention by an expert of the art 
without leaving the scope of protection of the inventive 
idea. 

[0059] For example the piezoelectric buzzer 33 can 
be replaced by a known voice synthesis apparatus or 
by a radio or cable connection system to enable the pre- 
alarm or alarm warning to be transmitted to remote op- 
erators or nursing personnel if the device is used in a 
hospital. 

[0060] Moreover, if the rate of droplet fall slows down 
(this usually not constituting a danger but merely an un- 
welcome prolongation ofi the infusion), a reversible 
acoustic alarm could replace the definitive alarm and the 
tripping of the shutoff device 4. In this respect, it is typ- 
ically the case that, while sleeping, a patient may bend 
the arm into which the needle of the intravenous infusion 
system is inserted, with the result that the droplet fall 
rate slows down. In this case the acoustic alarm would 
waken him to the extent required to move the arm and 
restore the natural delivery of the infusion, causing ces- 
sation of the alarm and the return of the patient to sleep. 
[0061] In a second embodiment of the present inven- 
tion, the infusion rate can be automatically regulated 
and maintained constant (while maintaining substantial- 
ly the same dimensions and same electricity consump- 
tion as the first version provided with the shutoff device), 
by gradual squeezing of the tube 14 of the intravenous 
infusion system. This is made possible by replacing the 
trip lever 6, the shutoff lever 7, the springs 8 and 9 and 
the electromagnet 5 forming the shutoff device 4, by a 
direct current geared motor 42 which acts, via a cam 44, 
on a lever 46 very similar to the shutoff lever 7 of the 
preceding version, loaded by a torsion spring 46. The 
new lever 45 differs from the preceding by being provid- 
ed with a protuberance 47 on which the cam 44 acts and 
utilizes the principle of advantageous first class levers, 
having its fulcrum 52 closerto the point of application of 
the force which throttles the tube 14 than to the point of 
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application of the force impressed by the contour 51 of 
the cam 44. 

[0062] Because of the particular structure of the lever 
45 and of the relative pertaining parts, the regulator de- 
5 vice can be operated by a geared motor 42 of tenden- 
' tially small overall size in relation to the required throt- , 
tling force for the tube 14. 

[0063] the seat 49 for the geared motor 42 is formed 
directly by the mould used for producing the compart- 

10 ment 1 6a, in which the lever 45 is also housed. 

[0064] To further increase sensitivity, the entire travel 
of the cam 44 can be used exclusively for regulating the 
tube 14, from totally closed (lever 45 completely freed 
from the cam 44) to maximum allowable tube opening 

15 (lever 45 totally pressed by the cam 44). 

[0065] With reference to Figure 1 0, A and B indicate 
in succession the extreme positions which the lever 45 
assumes during operation of the geared motor 42 and 
rotation of the cam 44, from the tube 14 totally closed 

20 (position indicated by A, shown in full lines) to the tube 
14 partially open (position indicated by B, shown in 
dashed and dotted lines). 

[0066] During its operation, the geared motor 42 
transmits rotary motion to the cam 44, the extent of 

25 opening of the tube 14 being regulated by the lever 45, 
which continuously assumes all positions between that 
indicated by A (tube 14 throttled), with the minor diam- 
eter part 53 of the cam 44 facing but not resting on the 
protuberance 47, and that indicated by B (maximum al- 

30 lowable opening of the tube 1 4 during operation of the 
geared motor 42), with the end 51 of the cam 44 en- 
gaged with the protuberance 47, to completely press the 
lever 45. 

[0067] To release the tube 1 4 and separate the device 

35 1 from the drip chamber 17, the reset button 26 has to 
be pushed. On doing this, the lever 45 assumes the po- 
sition indicated by C, shown in dashed and dotted lines. 
The protuberance 47 is completely disengaged from the 
cam 44, and the end 50 ties on the abutment surface 49 

40 of the geared motor 42. 

[0068] Using this structure and employing only the 
force of gravity to which the droplet passing through the 
drip chamber 17 is subjected, and of which the rate is 
regulated by the degree of squeezing of the tube 1 4 by 

45 the lever 45, the movement undergone by the liquid can 
result in constant and controlled infusion. 
[0069] If adjuvant medicaments (nutrient or rehydrat- 
ing solutions) are to be administered to the patient be- 
tween one treatment and the next, such administration 

so can be done in the patients home so as not to waste 
hospital bed space, and at the same time leave the pa- 
tient in his own family environment. However the patient 
cannot then always be supervised by specialist person- 
nel, so making it difficult to ensure correct and constant 

55 infusion. 

[0070] This further embodiment can be used to obvi- 
ate this drawback, hence avoiding the use of large infu- 
sion pumps of relatively high cost and energy consump- 
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tion, or the use of motor and cam systems of the known 
art which act directly on the tube of the system and 
hence require a relatively high transmitted torque. The 
solution flow control functions are performed by ele- 
ments housed in one of the compartments forming the 
structure of the container of the intravenous infusion ap- 
paratus, and have low electricity consumption. 
[0071 ] The data regarding the infusion rate can be set 
by a keypad (not shown) provided on the outside of the 
container of the device 1 and having four keys: one for 10 
device activation and deactivation, two for setting the 
desired number of droplets per minute (one for increas- 
ing the number and the other for decreasing it) and the 
fourth for starting. 

[0072] The data inserted via the keypad are converted 15 
into digital signals and then transformed into electrical 
signals which control the operation of the geared motor 
42. 

[0073] Said data can also be obtained from a label ap- 
plied to the bottle by medical personnel and carrying a 20 
bar code indicating the particular infusion rate for that 
type of medicament and personalized for each patient, 
to be read by a laser diode reader (not shown) installed 
on the body of the device 1 , for display on a liquid crystal 
display (not shown), which alternately displays the set 25 
rate of infusion (in droplets per minute or millilitres per 
hour), the actual rate of infusion, the time which has 
passed since infusion commenced and the total number 
of droplets which have fallen, plus an indication of 
whether a droplet is falling, whether the battery charge 30 
is low, whether the motor is closing or opening, and of 
the data fed in via the keypad or via the bar code. 
[0074] On termination of infusion, the average droplet 
volume can be established by reading on the display the 
number of droplets used to infuse the volume of medi- 35 
cament contained in the bottle. This information can be 
used in a subsequent infusion by feeding it in via the 
keypad or bar code to allow the relationship between 
droplets per minute and millilitres per hour to be calcu- 
lated so that the device can convert droplets per minute *o 
to millilitres per hour (or to other units of measurement, 
depending on the country in which it is used). 
[0075] If home infusions are to be all identical and re- 
petitive, the data can alternatively be fed in via the key- 
pad by the responsible hospital personnel, using either *s 
an access code or a jack plug (not shown), the absence 
of which prevents use. of the keypad. 
[0076] When the patient switches on the apparatus in 
his own home, this system automatically regulates the 
infusion in accordance with the preset data, which can- so 
not be changed without the use of the appropriate ac- 
cess code or plug. 

[0077] In this manner the patient is freed from the 
need to regulate, and possible errors and/or tampering 
are prevented. In this case the electronic circuit 12 ss 
would contain a memory able to store the data preset in 
hospital by the appropriate personnel. 
[0078] Numerous other modifications can also be 
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made to the monitoring and control deviceof the present 
invention without this leaving the scope of protection 
provided by the inventive idea, and in addition in the 
practical implementation of the invention the illustrated 
5 details can be different in form or be replaced by tech- 
nically equivalent elements. 



Claims 

1. A device for monitoring and controlling an intrave- 
nous infusion system (1), comprising: 

- a set of electrical storage batteries (2); 

- a housing (3) adapted to be closed about a drip 
chamber (17) from which a tube (14) of intrave- 
nous infusion system emerges; 
a shutoff device (4) having an electromagnet 
(5) and being constructed and arranged to trip 
respective first and second levers (6, 7) biased 
by respective first and second springs (9, 8) or, 
alternatively, at least one geared motor (42), 
powered with direct current by said storage bat- 
teries (2), said geared motor (42) being con- 
nected to a cam (44) and acting, via the cam 
(44), on a lever (45), urged by a torsion spring 
(46), which consequently continuously regu- 
lates the opening and closure of said tube (1 4) 
and hence the rate of infusion of a solution to 
be administered; and 

an electronic circuit (12) comprising control 
means contained within microcontroller means 
(40), sensor means (28, 29) for sensing drop- 
lets, generating droplet signals and transferring 
droplet signals to the microcontroller means 
(40), for either activating or not activating indi- 
cating means (13, 33); 

said electronic circuit (12) including 

means for activating th e sensor means (28 , 29) , 
means for measuring the time interval between 
the passage of two consecutive droplets, 
means for comparing the value of said time in- 
terval with a first reference time interval origi- 
nally preset in the microcontroller means (40), 
to recognize whether the infusion underway is 
of the type dassifiable as slow or fast, 
means for calculating the arithmetic mean of 
the times elapsing between a number of suc- 
cessive droplets, the number of successive 
droplets being preset originally in the microcon- 
troller means (40) on the basis of the type of 
infusion, such that for fast infusion this number 
is greater than the corresponding number pre- 
set for slow infusion, 

said comparing means further comparing said 
arithmetic time mean with the time interval be- 
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tween two successively delivered droplets to 
establish whether said time interval between 
two successively delivered droplets is equal to 
the value of the arithmetic mean plus or minus 
a first or second tolerance time interval original- s 
ly preset in the microcontroller means (40), 
characterised in that said electronic circuit 
(1 2) further includes means for setting are of a 
pre-alarm condition and an alarm condition de- 
pen ding on the extent of the difference between 10 
the value of the arithmetic time mean and the 
value of the time interval between the passage 
of two successive droplets, 
means for activating the indicating means (13, 
33) both when in the pre-alarm condition and is 
when in the alarm condition, 
means for activating the shutoff device (4) or 
the geared motor (42) only when in the alarm 
condition, and 

means for interrupting the operation of the sen- 20 
sor means (28, 29) during a second time inter- 
val included within the time interval between the 
passage of two successive droplets. 

2. A device as claimed in claim 1, characterised in 2s 
that the pre-alarm condition arises when, for at 
least three consecutive times, the difference be- 
tween the value of the arithmetic time mean and the 
value of the time interval between the passage of 
two successive droplets is between 16% and 20% 30 
of the value of the arithmetic time mean. 

3. A device as claimed in claim 1, characterised in 
that the alarm condition arises when, for at least 
three consecutive times, the difference between the 35 
value of the arithmetic time mean and the value of 

the time interval between the passage of two suc- 
cessive droplets exceeds 20% of the value of the 
arithmetic time mean, said alarm condition also 
arising in the case of delivery interruption. 40 

4. A device as claimed in claim 1 , characterised in 
that said sensor means (28, 29) operate pulse-wise 
intermittently and disco ntinuously, but uninterrupt- 
edly during the time interval between the passage *s 
of at least two successive droplets and after the de- 
livery of groups of eight successive droplets. 

5. A device as claimed in claim 1, characterised in 
that the time interval during which the operation of so 
the sensor means (28, 29) is interrupted is deter- 
mined on the basis of the following algorithm: the 
value of the arithmetic mean of the times elapsing 
between a number of successive droplets less a 
value preset in the microcontroller (40). ss 

6. A device as claimed in claim 5, characterised In 
that said microcontroller means (40) comprises an 
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element (24) arranged to count said time interval 
and/or the activation times and/or the deactivation 
times of the indicating means (13, 33), said micro- 
controller means (40) continuously monitoring the 
state of charge of said set of electrical storage bat- 
teries (2) and activating said indicating means (13, 
33) when said state of charge falls below a level pre- 
set in the microcontroller means (40). 

7. A device as daimed in claim 1 , characterised in 
that said sensor means (28, 29) include 

at least one transmitter element (28), 
at least one receiver element (29) positioned 
on the same side as and adjacent to the trans- 
mitter element (28) with respect to a vertical ax- 
is which constitutes the trajectory undertaken 
by a droplet within the drip chamber (17), and 
at least one reflector means (30) situated op- 
posite to said receiver and transmitter elements 
(29, 28), respectively. 

8. A device as daimed in claim 7, characterised in 
that said reflector means (30) is a concave mirror, 
which is located on the base of a cavity (31 ). 

9. A device as claimed in claim 1 , including 

a first compartment (15) housing said set of 
electrical storage batteries (2), 
a second compartment (1 6) within which there 
is provided a housing (3) which closes about 
said drip chamber (1 7) and in which said shutoff 
device (4) is housed, 

a third compartment (18) housing said geared 
motor (42) or the electromagnet (5) with which 
the shutoff device (4) is provided, the sensor 
means (28, 29), the indicating means (13, 33) 
and the electronic circuit (12), such that all the 
components are assembled within a single con- 
tainer having dimensions such as to result in a 
small overall size of the device (1). 

10. A device as claimed in claim 9, characterised in 
that said shutoff device (4) 

second lever (7) has one arm (19) shorter than 
another arm (20), 

a counteracting pin (22) which maintains one 
end (23) of the second lever (7) in the pre-load- 
ed position, 

said first lever (6) having an end on which there 
acts the electromagnet (5), against which said 
electromagnet is held under the thrust of said 
second spring (9), and 

a pushbutton (26) for resetting the shutoff de- 
vice (4). 
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Patentansprttche 

1. Eine vorrichtung zum Uberwachen und Steuern ei- 
nes Systems zur intravenosen Infusion, das um- 
fasst: 

einen Satz elektrischer Speicherbattehen (2); 
ein Gehause (3) das geeignet ist eine Tropf- 
kammer (17) zu umschlieBen, von der ein 
Schlauch (14) des Systems zur intravenosen 
Infusion hervortritt; 

eine Abschalteinrichtung (4), die einen Elektro- 
magnet (5) aufweist, und die so konstruiert und 
angeordnet ist, dass sie einen ersten und einen 
zweiten Hebel (6, 7), der jeweils durch eine er- 
ste und eine zweite Feder (9, 8) vorgespannt 
ist, auslost, oder atternativ dazu wenigstens ei- 
nen Getriebemotor (42), der durch die Spei- 
cherbattehen (2) mit Gleichstrom versorgt wird, 
wobei der Getriebemotor (42) mit einer Nocke 
(44) verbunden ist und durch die Nocke (44) auf 
einen Hebel (45) wirkt, der durch eineTorsions- 
feder (46) getrieben wird, und der folglich das 
Offnen undSchlieBendesSchlauches (14) und 
somit die fnfusionsrate einer zu verabreichen- 
den Losung kontinuieriich regelt; 
einen elektronischen Schaltkreis (12) der um- 
fasst eine in einer Mikrocontrollereinrichtung 
(40) enthaltene Steuereinrichtung, und eine 
Sensoreinrichtung (28, 29) zum Erfassen von 
Tropfen, die Trqpfensignale erzeugen und die 
Tropfensignale zur Mikrocontrollereinrichtung 
(40) leiten um eine Anzeigeeinrichtung (13, 33) 
entweder zu aktivieren odernichtzu aktivieren, 
wobei der elektronische Schaltkreis (12) um- 
fasst eine Einrichtung zum Aktivieren der Sen- 
soreinrichtung (28, 29), eine Einrichtung zum 
Messen des Zeitintervalls zwischen dem Pas- 
sieren zweier aufeinanderfolgender Tropfen, 
eine Einrichtung zum Vergleichen des Wertes 
des zeitintervalls mit einem ersten ursprunglich 
in der Mikrocontrollereinrichtung (40) voreinge- 
stellten Referenzzeitintervall, um zu erkennen, 
ob die laufende Infusion von einem Typ ist, der 
als langsam oder schnell eingeordnet werden 
kann, und eine Einrichtung zum Berechnen des 
arithmetischen Mlttelwerts der Zeit, die zwi- 
schen einer Anzahl aufeinanderfolgender 
Tropfen verstreicht, wobei die Anzahl aufeinan- 
derfolgender Tropfen ursprunglich in der Mikro- 
controllereinrichtung (40) auf der Basis des 
Typs der Infusion voreingestellt ist, so dass die- 
se Zahl fur eine schneile Infusion groBer ist als 
die korrespondierende Zahl, die fur eine lang- 
same Infusion voreingestellt ist, wobei die Ver- 
gleichseinrichtung aul3erdem den arithmeti- 
schen Zeitmittelwert mit dem Zeitintervall zwi- 
schen zwei aufeinanderfolgend abgegebenen 
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Tropfen vergleicht, um zu ermitteln, ob das 
Zeitintervall zwischen zwei aufeinanderfolgend 
abgegebenen Tropfen gleich ist zu dem arith- 
metischen Mittelwert zuzuglich oder abzuglich 
5 eines ursprunglich in der Mikrocontrollerein- 

richtung (40) voreingestellten, ersten oder 
zweiten Toleranzzeitintervalls, 

dadurch gekennzeichnet, dass 

10 der elektronische Schaltkreis (1 2) weiter eine Ein- 
richtung zum Einstellen entweder eines Vor-Alarm- 
zustands oder eines Alarmzu stands umfasst, ab- 
hangig von dem AusmaB des Unterschieds zwi- 
schen dem arithmetischen M ittelwert und dem Wert 

is des Zeitintervalls zwischen dem Passieren zweier 
aufeinanderfolgender Tropfen, eine Einrichtung 
zum Aktivieren der Anzeigeeinrichtung (13, 33) so- 
wohl im Vor-AlarmzustancJ als auch im Alarmzu- 
stand, eine Einrichtung zum Aktivieren der Abr 

20 schalteinrichtung (4) oder des Getriebemotors (42) 
ausschlieBlich im Alarmzustand, und eine Einrich- 
tung zum Unterbrechen der Arbeit der Sensorein- 
richtung (28, 29), wahrend eines zweiten Zeitinter- 
valls in dem Zeitintervall zwischen dem Passieren 

25 zweier aufeinanderfolgender Tropfen. 

2. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass der Vor-Alarmzustand auftritt , wenn 
wenigstens dreimal hintereinanderderUnterschied 

so zwischen dem arithmetischen Zeitmittelwert und 
dem Wert des Zeitintervalls zwischen dem Passie- 
ren zweier aufeinanderfolgender Tropfen zwischen 
1 6 % und 20% des arithmetischen Zeitmittelwertes 
liegt. 

35 

3. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass der Alarmzustand auftritt, wenn we- 
nigstens dreimal hintereinander der Unterschied 
zwischen dem arithmetischen Zeitmittelwert und 

^0 dem Wert des Zeitintervalls zwischen dem Passie- 
ren zweier aufeinanderfolgender Tropfen 20 % des 
arithmetischen Zeitmittelwertes ubersteigt, wobei 
der Alarmzustand auch im Falle einer Abgabeun- 
terbrechung auftritt. 

45 

4. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass die Sensoreinrichtung (28, 29) 
pulsweise periodisch unterbrochen arbeitet, aber 
ununterbrochen wahrend des Zeitintervalls zwi- 

50 schen dem Passieren wen igstens zweier aufeinan- 
derfolgender Tropfen und nach dem Abgeben von 
Gruppen von acht aufeinanderfolgenden Tropfen. 

5. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
55 zeichnet, dass das Zeitintervall, wahrend dem das 

Arbeiten der Sensoreinrichtung (28, 29) unterbro- 
chen ist, auf der Basis des folgenden Algorithmus 
bestimmt ist: Der arithmetische Mittelwert der Zeit, 
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die zwischen einer Anzahl aufeinanderfolgender 
Tropfen vergangen ist, abzuglich eines in der Mi- 
krocontrollereinrichtung (40) voreingestellten Wer- 
tes. 

5 

6. Vorrichtung nach Anspruch 5, dadurch gekenn- 
zetchnet, dass die Mikrocontrollereinrichtung (40) 
ein Element (24) umfasst, das zum Zahlen des Zeit- 
intervalls und/oder der Aktivierungszeiten und/oder 

der Deaktivierungszeiten der Anzeigeeinrichtung 10 
(13, 33) vorgesehen ist, wobei die Mikrocontroller- 
einrichtung (40) kontinuieriich den Ladezustand 
des Satzes elektrischer Speicherbatterien (2) uber- 
wacht und die Anzeigeeinrichtung (13, 33) aktiviert, 
wenn der Ladezustand untereinen in derMikrocon- is 
trollereinrichtung (40) voreingestellten Wertfallt. 

7. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Sensoreinrichtung (28, 29) um- 
fasst mindestens ein Sendeelement (28), minde- 20 
stens ein Empfangselement (29), das auf derselben 
Seite wie und angrenzend an das Sendeelement 
(28) beztiglich einer vertikalen Achse angeordnet 

ist, die aus der Trajektorie besteht, der ein Tropfen 
in der Tropfkammer (1 7) folgt, und wenigstens eine 25 
Reflektoreinrichtung (30), die den Empfanger- und 
Senderelementen (29, 28) jeweils gegenuberliegt. 

8. Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, dass die Reflektoreinrichtung (30) ein 30 
konkaver Spiegel ist, der am Boden einer Kavitat 
(31) angeordnet ist. 

9. vorrichtung nach Anspruch 1 die umfasst ein erstes 
Fach (1 5) zum Unterbringen der elektrischen Spei- 35 
cherbatterien (2), ein zweites Fach (16) in den ein 
Gehause (3) vorgesehen ist, welches dieTropfkam- 
mer (17) umschlie&t und in dem die Abschaltvor- 
richtung (4) untergebracht ist, ein drittes Fach (18) 

in dem der Getriebemotor (42) oder der Elektroma- *o 
gnet (5), mit dem die Abschalteinrichtung (4) aus- 
gestattet ist, die Sensoreinrichtung (28, 29), die An- 
zeigeeinrichtung (13, 33) und der elektrischen 
Schaltkreis (12) untergebracht sind, so dass alle 
Komponenten in einem einzigen Behalter versam- *s 
melt sind, der solche Dimensionen hat, dass die 
GesamtgroGe der Vorrichtung (1 ) klein ist. 

10. Vorrichtung nach Anspruch 9, dadurch gekenn- 
zeichnet, dass die Abschalteinrichtung (4) einen so 
Arm (19) hat, der kurzer ist als ein anderer Arm (20), 
eine entgegenarbeitende Nadel (22) welche ein En- 

de (23) des zweiten Hebels (7) in einer vorgespann- 
ten Position halt, wobei dererste Hebel (6) ein Ende 
hat, auf das der Elektromagnet (5) wirkt und gegen ss 
welches der Elektromagnet unter den Druck der 
zweiten Feder (9) gehalten wird, und einen Druck- 
knopf (26) zum Rucksetzen der Abschalteinrich- 
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Revendications 

1 . Dispositif pour surveiller et commander un systeme 
de perfusion intraveineuse (1 ) comprenant : 

un ensemble de batteries d'accumulateurs 
electriques (2) ; 

un logement (3) adapte pour etre ferme autour 
d'une chambrecompte-gouttes (17)delaquelle 
sort un tube (14) du systeme de perfusion 
intraveineuse ; 

un dispositif de fermeture (4) ayant un electro- 
aimant (5) et etant construct et agenoe de f aeon 
a declencherdes premier et second leviers res- 
pectifs (6, 7), sollicites par des premier et se- 
cond ressorts respectrfs (9, 8) ou, en variante, 
au mo ins un moteur a train d'engrenages (42), 
alimente en courant continu par lesdites batte- 
ries d'accumulateurs (2), ledit moteur a train 
d'engrenages (42) etant relie a unecame (44) 
et agissant, par I'intermediaire de la came (44), 
sur un levier (45), pousse par un ressort de tor- 
sion (46) qui regule ensuite en continu Pouver- 
ture et la fermeture dudit tube (14) et par con- 
sequent la v'rtesse de perfusion d'une solution 
a administrer : et 

un circuit electronique (12) comprenant des 
moyens decommande contenus a I'interieur de 
moyens de microcontr6leur (40), des moyens 
de capteur (28, 29) pour detecter des goutte- 
lettes, generer des signaux de gouttelettes, et 
transferer les signaux de gouttelettes aux 
moyens de microcontrdleur (40), pour, soit ac- 
tiver, soit ne pas activer des moyens dedica- 
tion (13,33); 

ledit circuit electronique (12) comprenant des 
moyens pour activer les moyens de capteur 
(28, 29), des moyens pour mesurer le laps de 
temps separant le passage de deux gouttelet- 
tes consecutives, des moyens pour comparer 
la valeur dudit laps de temps avec un premier 
laps du temps de reference preregle au depart 
dans les moyens de microcontr6leur(40), pour 
reconnaTtre si la perfusion en cours est du type 
pouvant etre classe com me lente ou rapide, 
des moyens pour calculer la moyenne arithme- 
tique des laps de temps s'ecoulant entre plu- 
sieurs gouttelettes successives, le nombre de 
gouttelettes successives etant preregle au de- 
part dans les moyens de microcontrdleur (40) 
sur la base du type de perfusion, de telle sorte 
que, pour une perfusion rapide, ce nombre soit 
superieur au nombre correspondant preregle 
pour une perfusion lente, 
lesdits moyens de comparaison comparant en 
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outre ladite moyenne de temps arithmetique 
avec le laps de temps entre deux gouttelettes 
delivrees a la suite, , pour etablir si ledit laps de 
temps ehtre deux gouttelettes delivrees a la 
suite est egal a la valeur de la moyenne arith- 
metique plus ou moins un premier ou second 
laps de temps de tolerance preregle au depart 
dans les moyens de microcontroleur (40), ca- 
racterise en ce que ledit circuit electronique 
(12) comprend en outre des moyens pour re- 
gler une condition de pre-alarme et une condi- 
tion d'alarme en fonction de I'importance de la 
difference entre la valeur de la moyenne de 
temps arithmetique et 'la valeur du laps de 
temps entre le passage de deux gouttelettes 
successives, 

des moyens pour activer les moyens Vindica- 
tion ( 1 3, 33) a la f ois en condition de pre-alarme 
et en condition d'alarme, 
des moyens pour activer le disposrtif de ferme- 
ture (4) ou le moteur a train d'engrenages (42), 
uniquement en condition d'alarme, et 
des moyens pour interrompre le fonctiorine- 
ment des moyens de capteur(28, 29) pendant 
un second laps de temps inclus entre le laps de 
temps entre le passage de deux gouttelettes 
successives. 

Dispositif selon la revendication 1 , caracterise en 
ce que la condition de pre-alarme se produit lors- 
que, pendant au moins trois durees consecutives, 
la difference entre la valeur de la moyenne de temps 
arithmetique et la valeur du laps de temps entre le 
passage de deux gouttelettes successives est com- 
prise entre 1 6 % et 20 % de la valeur de la moyenne 
de temps arithmetique. 

Dispositif selon la revendication 1 , caracterise en 
ce que la condition d'alarme se produit lorsque, 
pendant au moins trois laps de temps consecutifs, 
la difference entre la valeur de la moyenne de temps 
arithmetique et la valeur du laps de temps entre le 
passage de deux gouttelettes successives depasse 
20 % de la valeur de la moyenne de temps arithme- 
tique, ladite condition d'alarme survenant egale- 
ment en cas d'interruption de la delivrance. 

Dispositif selon la revendication 1 , caracterise en 
ce que lesdits moyens de capteur (28, 29) fonction- 
nent par intermittence, par impulsions, et de manie- 
re discontinue, mais de maniere ininterrompue pen- 
dant le laps de temps entre le passage d'au moins 
deux gouttelettes successives, et apres la delivran- 
ce de groupes de hurt gouttelettes successives. 

Dispositif selon la revendication 1 , caracterise en 
ce que le laps de temps pendant lequel le fonction- 
nement des moyens de capteur (28, 29) est inter- 



rompu est determine sur la base de I'algorithme 
suivant : la valeur de la moyenne arithmetique du 
temps ecou!6 entre plusieurs gouttelettes succes- 
sives moins une valeur prereglee dans le microcon- 
5 tr6leur (40). 

6. Dispositif selon la revendication 5, caracterise en ' 
ce que lesdits moyens de microcontroleur (40) 
comprennent un element (24) agence pour compter 

10 ledit laps de temps et/ou les temps d'activation et/ 
ou les temps de deactivation des moyens d' indi- 
cation (13, 33), 

lesdits moyens de microcontrdleur (40) sur- 
veillant en continu I'etat de charge dudit ensemble 

15 de batteries d'accumulateurs electriques (2) et ac- 
tivant lesdits moyens cPindication (13, 33) lorsque 
ledit etat de charge chute en dessous d'un niveau 
preregl§ dans les moyens de microcontroleur (40). 

20 7. Dispositif selon la revendication 1 , caracterise en 
ce que lesdits moyens de capteur (28, 29) com- 
prennent au moins un element d'emetteur (28), 
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au moins un element de recepteur (29) placg 
du mdme c6te que et adjacent a Pelement 
d'emetteur (28) par rapport a un axe vertical qui 
constitue latrajectoire suivie parunegouttelet- 
te a I'interieur de la chambre compte-gouttes 
(17), et 

au moins un moyen de ref lecteur (30) situe en 
face dudit recepteur et des elements d'emet- 
teur (29, 28), respectivement. 

8. Dtspositif selon la revendication 7, caracterise en 
ce que lesdits moyens de ref lecteur (30) sont un 
miroir concave, qui est situe sur la based'une cavite 
(31). 

9. Dispositif selon la revendication 1 , comprenant 

un premier compartiment (15) logeant ledit en- 
semble de batteries d'accumulateurs electri- 
ques (2), 

un deuxieme compartiment (1 6) a I'interieur du- 
quel est prevu un logement (3) qui se ferme 
autour de ladite chambre compte-gouttes (17) 
et dans lequel ledit dispositif de fermeture (4) 
est loge, 

un troisieme compartiment (18) logeant ledit 
moteur a train d'engrenages (42) ou I'electro- 
aimant (5) dont le dispositif de fermeture (4) est 
muni, les moyens de capteur (28, 29), les 
moyens Vindication (13, 33) et le circuit Elec- 
tronique (12), de telle sorte que tous les com- 
posants soient assembles a I'interieur d'un seul 
contenant ayant des dimensions qui donnent 
un dispositif (1) globalement de petite taille. 
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10. Dispositif selon ta revendication 9, caracterise en 
cc que le second levier (7) dudit dispositif de fer- 
meture (4) possede un bras (19) plus court que 
I'autre bras (20), 

5 

une broche de reaction (22) qui maintient une 
extremite (23) du second levier (7) dans la po- 
sition prechargee, 

ledit premier levier (6) ayant une extremite sur 
laquelle agit I' electro-aim ant (5) , contre iaquelle 10 
ledit electro-aimant est maintenu sous la pous- 
see dudit second ressort (9), et 
un bouton-poussoir (26) pour reinitialiser le dis- 
positif de fermeture (4): 
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